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Abstract: Ordinary Portland cement(OPC) is a widely used cementitious material. Its production is accompanied by

a large amount of carbon emissions. To reduce carbon emissions, this research prepared a novel low-carbon

supersulfated phosphogypsum cement system(SPCS) with solid wastes to replace OPC. Cathode ray tube(CRT) glass

1s a hazardous waste containing various heavy metals, which can be used to prepare SPCS. In this study, CRT glass

powder was used as a cementitious material and CRT glass sand was used as an aggregate in SPCS and OPC. The

immobilization effect and durability of the two cementitious systems were compared. The results show that SPCS system

has a better heavy metal immobilization effect than OPC system, and can also significantly inhibit alkali silica reaction.
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Fig.1 Particle size distributions of cementitious
materials and aggregates
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Table 1 Chemical compositions of slag, PG, CRT glass, and OPC

Unit: %
Material ~ ALO, BaO CaO Fe,O, K,O MgO Na,O PbO P,O. Sb,0, Sio, SO, SrO Zr0,
PG 0.38 — 42.00  0.38 0.16 0.21 — 1.00 — 3.30  52.00 0.09 —
Slag 13.90 — 44.90  0.33 0.70 4.39 — 0.10 — 31.60 2.70 0.09  0.04
OPC 4.10 — 67.00  2.80 0.76 1.30 — — — 19. 00 5.00 —
CRT 2.50  9.50 0.85  0.16 8.50 0.40 8.70 1.70 — 0.35  54.00 — 10.00  2.10

1.2 H&AHE

A7 Bl 1M i B A1 R (slag .CRTGP & 22 OPC il
AR PG) B B (CRTGS 5 RS B9 A [ e 1) |
Na,SiO, (B MG AL, & 528 120 TR A R 6l & 103K
WKL A L 2% 2 Jr o, LR K L RIK L 43 53] i
BN 2.0 0.4 il £ FE S SR il B R E AR
OB AR A 5 min, B R A A SR 28 th R A
5 min. i F§ OPC A Sy Ji2 B A4 R £ X B4, Arid
OPCG50S50, Hwb Ik o A K B e 4 531 13 &k 2.0 A
0.5, LA3R15 5 SPCS & 2 AH L H Bt He 5 B i 3K 19 i
AR 3FR N T AL E CRT 3% 55 1) £ FH LA &

B 4 [ 4k, (] CRT B 58 4 45 i i 35 4€ 30 %%
(8™ ¥ Ok il % SPCS ¥t 3¢, Arid iy SPCSC30; A
Hb L A CRT 3 58 55 i1 5 851X 30 %0 19 OPC >k il
# OPC ¥ it OPCC30.
1.3 Wik %
1.3.1  $URSRE

SPCS & Z#p 3 8 Bk (40 mm X 40 mm X 40 mm)
7 3.7.28 d F24 ((20+2) °C AIXHE B 95 %) ik 11
PUEE IS BS EN 12390-3:2009 Testing Handened
Concrete. Compressive Strength of Test Specimens, Hi
Matest 3 000 kN % J& J7 AL A5, 000 38 isf Jomn 268 okt 3 5%
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Table 2 Mix proportions of mortars
Unit:g
Specimen Water Slag PG OPC Activator CRTGS RS
SPCSGO0S100 40.0 80.0 20.0 2.3 1.0 0 200.0
SPCSG25S75 40.0 80.0 20.0 2.3 1.0 50.0 150.0
SPCSG50S50 40.0 80.0 20.0 2.3 1.0 100. 0 100. 0
SPCSG75S25 40.0 80.0 20.0 2.3 1.0 150.0 50.0
SPCSG100S0 40.0 80.0 20.0 2.3 1.0 200.0 0
OPCG50S50 50.0 0 0 100. 0 0 100. 0 100. 0

®3 HEWES
Table 3 Mix proportion of pastes

Unit: g
Specimen OPC  Slag PG  CRTGP  Activator  Water
SPCS 80 20 1 40
SPCSC30 56 20 24 1 40
OPC 100 50
OPCC30 76 24 50

B4 0.6 MPa/s, 45 R 3 FA7 I 1 7 241
1.3.2 R A S

TERSE AP AR HEFR S ((20+2) “C X IR 95%)
2 dJ& B RP I (25 mm X 25 mm X 285 mm) i, b
Je S B A B IR TP R4 (2042 2) °C X
JE95%0)4 d. Z JEH EANTHCETE 80 CRY K i thiR il
Ld, JBCH 5 I A5 A0 S 1 AR S W A6 1 R AR AR
ASTM C1260-7: Standard Test Method for Potential
Alkali Reactivity of Aggregates (Mortar-Bar Method),
H B0 AR AR A B 79 (80 "C) it 14 d R, id
SRP IR AR K B AE
1.3.3 TRk

AP A% (25 mm X 25 mm X 285 mm) 7 #5 H
b2 d((20£2) °C A X EE 95%6) 5 AR, 4K J5 78
25 “CHYZKIE HIR U 5 d, IBCHS 07510 9% 4 1 4 B A
KRG K AR R ASTM C490: Standard Practice
for Use of Apparatus for the Determination of Length
Change of Hardened Cement Paste, Mortar, and
Concrete, ffi F FE A AL OFf 25 0.001 mm) I & 1 70
B 0dF 28 d((20£2) °C HXHEE 50%) iy K
J& [R] I 0 SR A0 % A A T MR B B 1 o AR A
1.3.4 & & X ST

A A Cu Ko 48 51 I8 (x=0.154 nm) f XRD
(Rigaku Smart-Lab) # 17 W] ik . 7£ 45 kV HL J& Fl
200 mA B HLIRE T H#8AF G O 575 70°, S 4
A 5C7)/min. 1 ZnO £ XRD B A FR , S
HSUA 0 B 5 5 10 %6 19 ZnO SRR S B 510 AL ASE

PR it A TR A A X R b E L X
2R AT 5 1 0 B LA AR A5 SPCSC30 F1 OPCC30 3
AU B LA
1.3.5 fL&5H

R K L B *F 3+ (MIP, Micromeritics
AutoPore V 9600 % %1 ) % SPCS 1 OPC #5 3¢ ( 7
(20£2) °C AHXF MR EE 95% &4 F #4728 d J& ) AL
Bt 25 R E A7 0 R A 5 A B e e R I i A 4R
(1K) T R 3% SR, 3 AE 2L PR 7 d SR &k k Ak,
BE 5 H AR S 40 CRY B EAR TR H B
e AT MIP U
1.3.6  HE R TER

AT E SR R K (TCLP) M & T
XiF H A3 A 2 ol S A 22 % CRT BB B v 5 42 J 1 [
TR FE il 4 TCLP 42 UK o f v, i e FH 25 88
F7KB 5.7 mL B vK IS R B 2 1 000.0 mL,  fR i
TR pH{EDRS B 42 1 78 (2.88 £ 0.05) By g 1o
PR ok ¥ 3P T 28 d B ¥ KRR B SPCSC30 5
OPCC30 #EA7 1l i AL i , i AL AR T E 2 mm. 2
Ja B SR R AR S S TCLP 2 IO % IR 1 g
20 mL) Y B LIRS 50 ARG IFLL 30 r/min
(5 U e 18 h LA SE iz th i 78 R IR A5 s 8%
TH VG F 0.45 pm (14 8 BE R AT 2o 08, -0 FH e A R i
AT BE S, AT F R A 45 B R K O i AY
(ICP-OES) X2 g W b (1) 8 4 J& oo R sE 1700 22 . #F
W5 3k AR b, R R R A LB R B A ) Bk BE T
455.404,220.353.460.733 nm A% K PEAT 9 S0 47
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BB AR R B A R A
2 #R5IHR
2.1 WG

S T WIHT CRT 3¢ 55 8 & 43 2 A 0 BE A4 ) %t
SPCS Fl OPC # 3¢ /K AL 19 52 M, 38 3 XRD 3 1
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AH S 5 5 S 0L 3 A R P 2 T AT T TR R A 2 R AR
SPCSC30 Ay 32 22 5 PR A R 45 8L 41, 1 OPCC30
AR B BN ) A R A A S R D Y S L
1. R AR E AR AL AE SPCSC30 85 AL A1 7

B4k 8.50%, 1 /£ OPCC30 1 {¥ & 0.03%;
SPCSC30 ok = N 19 A B A X & & 5 2 T
8.20% , M7E OPCC30 WX 0.90%% , ;OPCC30 H111
FEORA ) o A R S B TRAMA R
8.10%.

#4 SPCSC305OPCC30¥HEERER
Table 4 Phase quantitative results of SPCSC30 and OPCC30

Unit: %

Specimen Calcite Ettringite Gypsum Portlandite Quartz Zincite Amorphous phase
SPCSC30 8. 50 8. 20 10. 00 73. 30
OPCC30 13.00 0.03 0.90 8. 10 2.10 10. 00 65. 87

éigiﬁiﬁ;te OPCG50S50 037 L 44 B 43 51 2 0.096 88 mL./g il
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Fig. 2 XRD patterns of SPCSC30 and OPCC30
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Table 5 Pore volume of SPCSG50S50 and OPCG50S50
Unit:mL/g
Specimen d<<4.5nm 4.5 nm=.d<50. 0 nm 50. 0 nm=<d<<100. 0 nm d>100. 0 nm
SPCSG50S50 0.01342(13.9%) 0.05188(53.5%) 0.002 74 (2.8%) 0.028 84 (29.8%)
OPCG50S50 0(0%) 0.01132(13.0%) 0.01993(22.8%) 0.056 09 (64.2%)
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G JE e (BRI Na ), i BRI Na' 932 . 1535, KAk
RESR R 45 16 o Na 424t T 2 98 1% % (7 45, Na 7] LLid
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Sr (¥ A4 ) o 134.2,65.45,128.25 mg/L. H
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BRI R AP A AR R T A R R
B . MEAHBEMERE . K BasBmS .,
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JE29%9 7.1 mg/L, W] WL, SPCS AR 2 1Y [ 16 1 g
e OPC AR R4 7045 8t Sr & @i 5 , SPCSC30 112
YR 8.3 mg/L AN J& OPCC30 1 25 % ; 5t Pa ifij
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U149 L SR SPCS B OPC i B iR 2 16 1 4 @[5
Ao 77 T Y 25 5, 05 A B B KA 0 A O
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